To investigate the electrophysiologic mechanism of cataplexy, the authors measured motor evoked potential (MEP) and H-reflex during asymptomatic, cataplectic and post-cataplectic periods in a narcolepsy patient.
Introduction
Cataplexy is the most devastating symptom in narcolepsy patients, and it is characterized by a sudden generalized or focal loss of muscle tone and is usually triggered by strong emotions such as laughter, anger or excitement. 1 Cataplexy is often explained as the occurrence of the physiological phenomenon of rapid eye movement (REM) sleep atonia at an inappropriate moment. 2 REM sleep atonia is thought to be effected through the inhibition of the cell bodies of alpha motor neurons in the spinal cord by descending influences, a mechanism referred to as "postsynaptic inhibition". 3 This is evidenced clinically by the absence of tendon jerks and by electrophysiologically diminished H-reflexes and F-responses. 4, 5 The results of MEP studies in REM sleep are controversial, and in particular, one MEP study during cataplexy showed MEP persistence during cataplexy, which suggested that increased motor cortex excitability overcame spinal inhibition. However, no other MEP study has been reported during cataplexy. In addition, the mechanism of cataplexy remains obscure, based in part on a failure to explain why cataplexy should be triggered by states like laughter, which are not normally associated with REM sleep.
To investigate the electrophysiological mechanism of cataplexy, we measured motor evoked potentials (MEPs) using transcranial magnetic stimulation (TMS) and Hreflexes by electrical stimulation during asymptomatic periods, cataplectic episodes, and post-cataplectic periods.
Methods
An 18-year-old high-school student had suffered from excessive daytime sleepiness (EDS) and frequent episodes of sudden loss of muscle tone triggered by emotional changes. He had experienced daily episodes of transient weakness of face and both shoulders for 1-3 minutes over the previous year, and these cataplectic attacks frequently gradually worsened to involve both legs to the extent of causing him to fall during full-blown cataplexy. There was no blunting of sensorium and he maintained a full awareness of his environment during cataplectic attacks.
The described symptoms usually developed when the subject had a strong pleasant feeling. The patient showed short sleep latency (2.5 min) and short REM sleep latency (1.5 min) in overnight polysomnography, and a short mean sleep latency (2.2 min) and five sleep-onset REM periods out of five daytime nap trials in the Multiple Sleep Latency Test. The patient had been treated with modafinil and clomipramine, but he had discontinued these medications one month prior to this presentation due to unsatisfactory efficacy and an expected move to our hospital.
Since clomipramine was discontinued, his cataplectic attacks have occurred more frequently and lasted longer. Moreover, although the patient tried to control emotional changes, cataplectic attacks occurred daily to varying degrees.
Informed consent was obtained from the patient after explaining the study protocol and the recording MEP and H-reflex methods used. The Institutional Review Board at the Samsung Medical Center authorized the informed consent form and the study protocol.
Generalized cataplectic spells were easily induced by watching a comical program on TV. MEPs and H-reflexes were recorded during pre-cataplectic asymptomatic periods, cataplectic spells, and post-cataplectic periods.
MEP recording
Resting motor threshold (rMT) and motor evoked potentials (MEP) were obtained during asymptomatic periods. Stimulation intensities were determined as 120% and 150%
of rMT at baseline for each episode.
H-reflex recording
H-reflex was elicited by stimulating the tibial nerve using an AgCl cathode in the popliteal fossa and a 40 mm diameter anode placed over the patella. Optimum sites for nerve stimulation were first located using a hand-held electrode using the criterion that soleus Ia afferents could be stimulated selectively at low stimulus intensities. The stimulus used was a 1 ms square pulse delivered by a custom-built constant current stimulator. Maximal M wave (Mmax) and the maximal H reflex amplitudes were measured during rest. The subject sat in a comfortable chair, and electrical stimuli were first applied to identify optimal stimulation sites, after which stimulus intensities necessary to elicit Mmax were determined.
Stimuli were applied 15 times every two seconds to obtain 15 H-reflexes during the asymptomatic baseline period and then repeatedly throughout cataplectic and postcataplectic periods using a Viking IV EMG apparatus (Nicolet Medical) with a 20-10,000 Hz bandwidth and a 100 ms post-stimulus acquisition period. Recorded Hreflexes were stored automatically on a floppy diskette.
One long cataplectic spell of 4 min duration was provoked for H-reflex study and H-reflexes were recorded by repeated stimulations during the pre-cataplectic baseline period, the whole period of cataplexy (from initial facial muscle tone decrease to whole body hypotonia) and the post-cataplectic period.
Results

MEP
rMT at baseline was 43% in the right and 39% in the left hemisphere. Mean MEP amplitudes during the asymptomatic baseline period were 1.15 mV for stimulation at 120% rMT intensity and 1.77 mV for 150% rMT intensity.
Before, during and after the cataplectic attacks, which (Fig. 1G ).
H-reflex
Mean H-reflex amplitude during the asymptomatic baseline period was 2.55 mV. After a cataplectic spell started, H-reflex amplitude decreased abruptly and then stopped.
At the end of a cataplectic spell, small H-reflexes were evoked, but these increased to the normal amplitude level after the patient had recovered fully. After a cataplectic attack is over, H-reflexes of very high amplitude (6.62 mV) were recorded, which subsequently gradually decreased to 3.26 mV. Overall the mean amplitudes of H-reflexes was 4.60 mV during the immediate post-cataplectic period. 
Discussion
The present study shows that the amplitudes of MEP and H-reflexes decreased at the beginning of a cataplectic attack and ceased during full-blown generalized cataplexy.
One previous report has been issued on motor-evoked responses to TMS during human cataplexy, 6 and in this study it was found that MEP amplitudes and motor thresholds were not remarkably changed during cataplexy versus the asymptomatic period. It was suggested that the preservation of muscle responses during cataplexy is probably due to enhanced cortical excitability to TMS, which might compensate for the postsynaptic spinal inhibition of muscle tone. 6 However, the durations of individual cataplectic attacks were not described in detail, and it is known that if a single cataplectic spell is short that MEP testing by TMS is not feasible. As was observed in the present study, MEPs may be evoked during the initial and terminal periods of cataplexy when spinal motor neurons are not completely shut down. In our patient, a slight MEP reduction was observed during the early period of cataplexy (first row in Fig. 1B ).
Our results do not agree with those of this previous report. During the initial period when the patient felt dysarthria and mild muscle weakness, MEPs were recordable but their amplitudes much lower and were subsequently abolished during full-blown generalized cataplexy. The same phenomenon was observed in H-reflex study of our patient.
Thus our results suggest that; 1) The mechanism of atonia during cataplexy involves an inhibition of spinal motor neurons, which is the common pathway for MEP and H-reflex, and 2) that spinal motor neuron inhibition rapidly develops, but not in an all-or-none fashion. We also observed a short MEP recovery period. During the recovery phase from cataplectic spell, MEPs were recorded in small amplitudes (2 nd to 4 th rows from bottom in Fig.   1F ). In practice, narcolepsy patients are frequently observed to stand slowly after a cataplectic attack. The present study demonstrates a rapid decrease with subsequent abolishment of MEP and H-reflex during a cataplectic attack, which suggests that brainstem inhibition of spinal motor neurons is a predominant mechanism of cataplexy. However, we were unable to find evidence of increased cortical excitability during cataplexy.
